Abstract The deleterious effects of smoking on laryngeal mucosa are indisputable. Smoking not only causes histologic (microscopic) alterations in the vocal fold epithelium but also affect the acoustic property of voice. The goal of this study was to determine the effects of smoking on the laryngeal structures and phonatory physiology via videostroboscopy, acoustic voice analysis and electroglottography. Cross-sectional and observational study was carried out in Department of ENT, Pt. J. N. M. Medical College, Raipur, in 100 male volunteers (50 smokers and 50 nonsmokers) between the ages of 18 and 60 years with no voice complaints. All subjects were analyzed for detailed history and underwent videostroboscopic, acoustic voice analysis and electroglottographic examination. Videostroboscopic examination results showed significant relationships between smoking and abnormal vocal fold edge, abnormal texture, edema, erythema, abnormal mucosal cover, abnormal phase symmetry and abnormal pliability/ stiffness. Voice analysis showed that smoking has a clear effect on some acoustic voice and electroglottographic parameters. The parameters most commonly affected by smoking are fundamental frequency (F0), jitter, shimmer, F0 tremor, normalized noise energy, signal noise ratio, maximum phonation time (MPT), s/z ratio, opening rate and closing rate. The results indicate that smoking has a significant effect on laryngeal structures and phonatory physiology.
Introduction
The detrimental effects of smoking on human health are widely known. In particular, specific morphologic changes within the larynx have been shown to occur with smoking. Myerson [1] described chronic inflammatory changes in the larynx caused by smoking and called this group of symptoms smoker's larynx. Smoking is well known to have effects on the characteristics of the voice. The commonly observed characteristics of the smoking voice are changes in fundamental frequency characteristics. It may be expected that the acoustic and electroglottographic (EGG) differences reported for the smoking voice may reflect underlying differences in the structure and function of the laryngeal mechanism.
Numerous studies have been conducted to observe the effects of smoking on the laryngeal structures of smokers. However, specific observations determined via detailed subjective and objective evaluation (videostroboscopic evaluation, acoustic voice analysis and electroglottography) of smoker's laryngeal anatomy and physiology has the potential to provide greater insight to functional aspect of smoker's larynx.
Aims and Objectives
1. Effects of smoking on the laryngeal structures using videostroboscopy.
Comparative study of larynx by videostroboscopy
between smokers and nonsmokers.
3. Comparative study of acoustic analysis of voice between smokers and nonsmokers. 4. Comparative study of EGG assessment of voice between smokers and nonsmokers.
Materials and Methods
The Inclusion Criteria 1. 50 Smokers and 50 nonsmokers male subject between the age of 18 and 60 years with no voice complaints were selected. 2. Smoker was defined as any subject who, at the time of this study, had smoked at least two cigarettes per day for at least 1 year. 3. Nonsmoker was those who, at the time of this study, did not smoke and who had not smoked for at least 5 years before the study.
Exclusion Criteria
Subject with any voice complaint, uncooperative or not willing for examination and excessive gag reflex, history of chronic cough or gastroesophageal reflux disease or history of any significant laryngeal trauma were excluded from study.
Videostroboscopic Examination
Videostroboscopic examinations were conducted using a 70-degree rigid endoscope connected to a Karl Storz strobe unit. Stroboscopic videos and images were recorded. For evaluation of videostroboscopic recordings, three otolaryngologists served as judges. The rating form used by the judges was adapted from videostroboscopic rating forms described by Hirano Bless and Stemple et al. [2, 3] .Various parameters rated for each videostroboscopic image are shown in Table 1 . A criterion level of at least two judge agreements was set for accepting the videostroboscopic rating for each parameter. The parameter that failed to reach this level of agreement were not used for final evaluation and mentioned as ''cancelled''.
Acoustic Voice Analysis and Electroglottographic Examination
Acoustic voice analysis and EGG measures were done using Electroglottograph (Tiger DRS) in a room with a noise level below 40 dB and the output signals were displayed and analyzed by a computerized software package (Dr. Speech Vocal Assessment).
The acoustic voice parameters evaluated were fundamental frequency (F0), frequency perturbation, amplitude perturbation, F0 tremor, normalized noise energy (NNE), harmonic-noise ratio (HNR), signal-noise ratio (SNR),amplitude tremor, maximum phonation time (MPT) and S/Z ratio. The EGG parameters evaluated were fundamental frequency (EGG-F0), EGG-Jitter, EGG-Shimmer, EGG F0 tremor, EGG NNE, EGG HNR, EGG SNR, EGG amplitude tremor, contact quotient (CQ), contact index (CI), CQ perturbation, CI perturbation, opening rate and closing rate.
Method of Statistical Analysis
All statistical analysis was conducted using the SPSS v. 10.0 statistical software package (SPSS Corporation, Chicago, IL) [4] . For the analysis of categorical measures, a series of Chi-square (v 2 ) procedures were conducted.The findings of each videostroboscopic parameters in smokers and nonsmokers group were analysed by v 2 to know the significance value. Level of significance used in calculation was 0.05 and 0.01. For the comparative analysis of quantitative data, Student's t-test (for independent samples) was applied. The mean values of each acoustic voice analysis and EGG parameters in smokers and nonsmokers group were analysed by t-test to know the significance value. Level of significance used in calculation was 0.05.
Observation and Results
A total of 100 male subjects (50 smokers and 50 nonsmokers) free of any voice complaints presented to the ENT outpatient department, Pt. J. N. M. Medical College and associated Dr. B. R. A. M. Hospital, Raipur from May 2008 till May 2010 were included in this study. Age of subjects ranged between 18 and 60 years.
Results and observation further grouped under following headings I. Various laryngeal characteristics (parameters) determined by videostroboscopy for nonsmokers and smokers. 
Age Distribution
Age distribution among nonsmokers and smokers were shown in Fig. 1 . The age of subjects ranged between 18 and 60 years. Mean age of nonsmokers and smokers were 37.22 ± 10.07and 37.80 ± 11.52 years respectively.Maximum subjects (59%) were in third and fourth decade of life. Nonsmokers showed higher percentage in third decade (34%) followed by fifth decade (24%) of life; while smokers showed higher percentage in fourth decade (36%) followed by third decade (26%) of life.
Comparison of Various Videostroboscopic Parameters Among Smokers and Nonsmokers
These are shown in Table 3 . 10 acoustic voice parameters were observed in non-dysphonic adult male smokers and nonsmokers (50 each) using computerized software package (Dr. Speech Vocal Assessment). Some acoustic parameters differed between smokers and non-smokers, which can be attributed as consequence of histological changes caused by tobacco. Lower values of fundamental frequency (F0) were noted among smokers as compared to nonsmokers (t = 2.51, P \ 0.05). Smokers showed raised values of jitter (t = 2), shimmer (t = 2.37), F0 tremor (t = 3.54), normalized noise energy (NNE) (t = 2.09) and s/z ratio (t = 2.21) as compared to nonsmokers (statistically significant at P \ 0.05). Lower values of signal noise ratio (SNR) (t = 1.98) and maximum phonation time (MPT) (t = 2.44) were noted among smokers as compared to nonsmokers (statistically significant at P \ 0.05). No significant difference was observed in harmonic noise ratio (HNR) (t = 1.91) and amplitude tremor (t = 1.53) between smokers and nonsmokers (P [ 0.05).
Observation of Electroglottographic Parameters Among Smokers and Nonsmokers
EGG parameters with mean and standard deviation are shown in Table 4 . In present study 14 parameters were observed in non-dysphonic adult male smokers and nonsmokers (50 each) via Electroglottograph (Tiger DRS) and the output EGG signals analyzed by computerized software package (Dr. Speech Vocal Assessment).
Lower values of EGG fundamental frequency (F0) were noted among smokers as compared to nonsmokers (t = 2.52, P \ 0.05). Smokers showed raised values of EGG jitter (P = 2.38), EGG shimmer (t = 2.28), EGG F0 tremor (t = 2.22) and opening rate (t = 2.11) as compared to nonsmokers (statistically significant at P \ 0.05). Lower values of closing rate (t = 2.17, P \ 0.05) were noted among smokers as compared to nonsmokers. No statistically significant difference was observed in EGG normalized noise energy (NNE) (t = 0.44), EGG harmonic noise ratio (HNR) (t = 0.21), EGG signal noise ratio (SNR) (t = 0.32), EGG amplitude tremor (t = 0.95), contact quotient (t = 0.25), contact index (t = 1.74), contact quotient perturbation (t = 0.15) and contact index perturbation (t = 1.02) between smokers and nonsmokers (P [ 0.05). The primary findings observed in smokers were as follows:
I. Abnormal vocal fold edge
Sataloff (2005) states that smoking causes chronic irritation of the vocal folds, resulting in microscopic alterations in the vocal fold epithelium [5] . Abnormal vocal fold edge in smokers may result due to chronic irritation and histological alteration caused by smoking.
In present study significant difference between abnormal vocal fold edge findings was observed in smokers as compared with nonsmokers control group. However, Awan and Morrow [6] observed no statistically significant relationship between vocal fold edge abnormalities in smokers as compared to nonsmokers. Although they observed that 50% of the smokers were having some type of vocal fold edge abnormality in comparison with 32% of the nonsmokers. In present study 31.9% of the smokers were rated as having some type of vocal fold edge abnormality in comparison with 6.1% of the nonsmokers.
The most common vocal fold edge abnormality observed in smokers was irregular vocal cord edge followed by swollen vocal fold edge. Irregular vocal fold edge is due to histological alteration caused due to chronic irritation of smoking. Swollen vocal fold edge can be attributed to edema of vocal folds caused by smoking [7] .
II. Abnormal Texture
Abnormal texture of vocal folds in smokers may also result due to microscopic alteration in the vocal fold epithelium caused by chronic irritation of vocal folds by smoking [5] . In present study significant difference between abnormal texture findings was observed in smokers as compared with nonsmokers control group. However, Awan and Morrow [6] observed no significant relationship between vocal fold texture abnormalities in smokers as compared to nonsmokers.The most common vocal fold texture abnormality observed in smokers was of mild roughness followed by moderate roughness.
III. Presence of Edema
Edema of the vocal folds is characterized by inflammation and capillary leakage primarily in the superficial layers of the vocal folds. Chronic inflammation may result due to exposure to noxious agents such as cigarette smoke resulting in edema of vocal folds.
In present study significant difference in the presence of edema was noted in smokers when compared with a nonsmoker control group. This result is consistent with earlier reports of edematous vocal folds in smokers [6, 8, 9] .
Only mild/moderate degree of edema was observed among cases of edema in smokers. Severe edema and Reinke's edema was not observed in present study among smokers. It may be because severe edema and Reinke's edema results in hoarseness of voice and in present study, subjects with complaint of voice change were excluded.
IV. Presence of Erythema
As for edema, erythema in smokers is also a reaction to irritation and trauma of the vocal folds. During smoking, the vocal fold tissues may become irritated and dehydrated by the inhaled heated noxious gases. In turn, irritated and dehydrated vocal fold mucosa may become traumatized during phonation, particularly if the subject is using hyperfunctional behaviors to overcome the increased mass of vocal folds as expected due to edematous vocal folds.
In addition to edema, the current study found a significant increase in the presence of erythema in male smokers when compared with nonsmoking males. This finding is consistent with and support previous descriptions of the laryngeal structures of smokers [6, 8, 10] .
Among cases of erythema in smokers, in most of the cases mild erythema was observed followed by moderate degree of erythema. In only 4% cases of smokers severe erythema was observed. It may be because severe erythema usually presents with hoarseness of voice, and in present study subjects complaining of voice change were excluded from study.
V. Abnormal Mucosal Cover
Abnormal mucosal cover in smokers may also result due to histological changes in vocal fold epithelium as a result of chronic irritation and inflammation caused by smoking. Abnormal mucosal cover in smokers may also result from edema of vocal fold caused by the cigarette fumes, as the edema generally involves the superficial layers of the vocal fold.
Abnormal mucosal cover findings in smokers are unique to the use of the videostroboscopic method and would not be observable via standard laryngoscopy because of the high rate of vocal fold vibration.
In current study significant difference was observed between abnormal mucosal cover findings in smokers as compared with nonsmokers control group. However, Awan and Morrow observed no statistically significant relationship between mucosal cover abnormalities in smokers as compared to nonsmokers [6] . Although their results indicated that 40% of smokers had an abnormal mucosal cover as compared with 26% of nonsmokers. In present study 38.3% of the smokers were rated as having some type of vocal fold edge abnormality in comparison with 15.2% of the nonsmokers.
The most common mucosal cover abnormality observed in smokers was thick mucosal cover. This may be due to chronic inflammatory response of vocal folds to smoking.
VI. Abnormal phase symmetry
The presence of abnormal phase symmetry in smokers may be due to associated edema of vocal folds as a result of smoking. If the edema within vocal fold tissues is unequal (i.e., asymmetric mass), the folds may vibrate at different rates, and thus they may be asymmetrical in their movements. Abnormal phase symmetry may also result from chronic irritation of the vocal folds resulting in microscopic alterations in the vocal fold epithelium [5] . Abnormal phase symmetry may also be due to the presence of developing lesion within vocal fold tissue, and it has been associated with chronic laryngitis [8] . It may be these microscopic changes in the vocal fold epithelium and edema that resulted in the phase asymmetries observed in the vocal fold vibration of the smokers in present study.
Abnormal findings of phase symmetry are unique to the use of the videostroboscopic method and would not be observable via standard laryngoscopy because of the high rate of vocal fold vibration. In current study significant difference was observed between abnormal phase symmetry findings in smokers as compared with nonsmokers control group. Awan and Morrow [6] also observed the same results in female smokers via videostroboscopy.
Among abnormal phase symmetry cases of smokers, most commonly observed finding was of 50% asymmetrical phase symmetry. Out of 3 cases of organized lesions, in one case of leukoplakia 50% asymmetrical phase symmetry was observed.
VII. Abnormal Pliability/Stiffness
Abnormalities in vocal fold pliability or stiffness may result due to long standing edema because of smoking. In present study significant difference between abnormal pliability or stiffness findings was observed. However, Awan and Morrow [6] observed no significant relationship between pliability or stiffness abnormalities in smokers as compared to nonsmokers. This may be because they included only young smokers in their study and abnormalities in vocal fold pliability or stiffness result after long standing edema because of smoking. In present study middle and old age groups were also included; as a result long standing effects of smoking on vocal folds were also seen.The most common vocal fold pliability or stiffness abnormality observed in smokers was mild stiffness followed by moderate stiffness.
VIII. Other Videostroboscopic Parameters in Smokers
Ratings of vocal fold mobility, glottal gap size, glottal closure pattern, ventricular fold movement and presence of lesion were not observed to have any significant relationship to smoking.
In current study, all subjects (smokers and nonsmokers) had normal vocal fold mobility. Awan and Morrow [6] also observed normal vocal fold mobility in all smokers and nonsmokers subject.
No significant difference was observed between abnormal glottal gap size findings. However, Awan and Morrow [6] observed significant relationship between glottal gap size abnormalities in smokers as compared to nonsmokers. They attributed this change to combination of irritation and tissue change in the arytenoid region of smokers affecting the ability to approximate the vocal folds during phonation, resulting in increased glottal gap size. Increased glottal gap may be secondary to vocal hyperfunction used to compensate for edematous or irritated vocal folds. In present study also increased glottal gap size abnormality was seen in smokers (20.4%) as compared with nonsmokers (12.2%). However, this difference was not statistically related.
In present study, no significant difference observed between abnormal glottal closure pattern findings. This result is consistent with earlier study [6] . Most subjects (both smokers and nonsmokers) in current study had a consistent complete glottal closure during the closed phase of phonation. Most commonly observed abnormal glottal closure pattern in smokers was spindle shaped glottal closure pattern followed by irregular glottal closure pattern.
No significant difference observed between abnormal ventricular fold movements in both group. No significant difference was observed in presence of organized lesions. This result is consistent with earlier study [6] . In current study, 3 cases of organized lesions were observed in smokers, which included 2 cases of leukoplakia and 1 case of atrophied vocal folds. Leukoplakia may be due to chronic irritation caused by smoking and is considered precancerous. In both the cases of leukoplakia microlaryngeal surgery and vigilant follow-up was advised. But both the subjects did not came for follow-up.
B. Acoustic Voice Parameters Among Nonsmokers and Smokers

Lower Values of Fundamental Frequency (F0)
Fundamental Frequency (F0) refers to the most frequently occurring frequency that characterizes a particular vocal production. Changes in fundamental frequency (F0) characteristics are most commonly observed characteristics of the smoking voice. It may reflect underlying differences in the structure and function of the laryngeal mechanism. Lowered voice F0 may also be attributed to changes in vocal fold mass caused by smoking [11] .
In present study, lower values of fundamental frequency (F0) were noted among smokers as compared to nonsmokers. This finding is consistent with and support previous descriptions of the voice of smokers [11] [12] [13] .
Raised Values of Jitter
Jitter refers to cycle-to-cycle variation in signal frequency. Raised values of jitter in smokers may also be attributed to acoustic differences for the smoking voice and reflect underlying differences in the structure of the larynx due to smoking. Increased Jitter values are also associated with phonatory instability due to aging, neurological disorder and various laryngeal pathologies [14, 15] .Voice perturbation is a probable indicator for a physiological disorder.
In present study, smokers showed raised values of jitter as compared to nonsmokers. This finding is consistent with the results obtained in previous studies [12, [16] [17] [18] .
Raised Values of Shimmer
Shimmer refers to cycle-to-cycle variation in signal amplitude. As for jitter, raised shimmer in smokers is also attributed to underlying structural differences of laryngeal epithelium due to smoking.
In present study, raised values of shimmer were obtained in smokers as compared to nonsmokers. In earlier studies also similar results were obtained [12, 18] .
Raised Values of F0 Tremor
Fundamental frequency tremor (F0 tremor) is the frequency of the lowest frequency modulation component. Raised values of F0 tremor may also result from microscopic alterations in the vocal fold epithelium due to chronic irritation caused by smoking resulting in acoustic difference.
In present study, raised values of F0 tremor were obtained in smokers as compared to nonsmokers. Current study supports the findings obtained in previous studies [16] .
Raised Values of Normalized Noise Energy (NNE)
The NNE assesses the relative level of vocal noise to that of harmonics [19] . In present study, raised values of NNE were obtained in smokers as compared to nonsmokers. However, Damborenea et al. [12] observed no significant difference in values of NNE for smokers and nonsmokers group.
The NNE has been shown to correlate with perceived breathiness of voice [20] . So, increased glottal gap size in smokers as compared to nonsmokers may account for breathy voice resulting in raised NNE. However, despite few published studies used NNE as an outcome measure to distinguish pathological from normal voices, but its clinical usefulness is still unclear [19, 21] .
Lower values of signal noise ratio (SNR)
SNR is defined as the decibel ratio of the total energy in the acoustic speech signal to the energy in the aperiodic or noise component [22] . SNR is the ratio of total signal energy to inharmonic (noise) energy. In our study, lower values of SNR were observed in smokers as compared to nonsmokers.
Lower Values of Maximum Phonation Time (MPT)
MPT is a clinical test of glottal competence [23] where maximum time a person can sustain a tone on one continuous expiratory breath is calculated. Multiple factors influence MPT, such as respiratory capacity and function, phonatory function, resonance, practice, frequency, intensity, instructions, and, potentially, vowel choice. Smoking affects both respiratory and phonatory functions.
In present study, lower values of MPT were observed in smokers as compared to nonsmokers. Lee et al. [24] also observed shorter mean maximum phonation times (MPT) in smokers as compared to nonsmokers.
However, Schutte (1992) described MPT as a non-reliable measure and of limited clinical value as it does not distinguish between inefficient glottal valving from reduced poor respiratory reserve and poor driving pressure of vocal fold vibration [25, 26] .
Raised Values of s/z Ratio
The s/z ratio is a variation of the maximum phonation time whereby the maximum sustained time for a speaker to make both an ''S'' and ''Z'' sound are recorded [27, 28] . S/Z ratio assesses both respiratory and phonatory efficiency [29] . A ratio of 1.0 with normal duration of production indicates that the respiratory ability is normal and there is no vocal pathology. Smoking affects phonatory physiology by affecting the structure and functions of the laryngeal mechanism and may result in raised values of s/z ratio.
In present study, raised values of s/z ratio were obtained in smokers (1.09 ± 0.24) as compared to nonsmokers control group (1.0 ± 0.13). Shipley and McAfee [30] states that in vocal pathologies, higher values of s/z ratio are obtained.
Harmonic Noise Ratio (HNR)
HNR is the ratio of the harmonic energy to inharmonic (noise) energy. No significant difference was observed in HNR in smokers as compared to nonsmokers. Damborenea et al. [12] also observed no significant difference for HNR in smokers as compared to nonsmokers.
Amplitude Tremor
Amplitude tremor is the frequency of the intensive low frequency amplitude modulation component. No significant difference was observed in amplitude tremor in smokers as compared to nonsmokers. However, Gonzalez and Carpi [16] observed differences in amplitude Tremor Frequency for smokers and nonsmokers.
C. Electroglottographic Parameters Among Nonsmokers and Smokers
Some EGG parameters differed between smokers and nonsmokers, which can be attributed as consequence of histological changes caused by tobacco.
The primary findings observed in present study were as follows:
Lower values of EGG fundamental frequency (EGG F0)
Fundamental frequency is an acoustic measure that directly reflects the vibrating rate of the vocal folds and is expressed in Hz. In present study; lower values of EGG fundamental frequency (EGG F0) were noted among smokers as compared to nonsmokers. This finding is consistent with and support previous descriptions of the voice of smokers [11] [12] [13] Guimarães and Abberton [17] did electrolaryngography assessment in smokers and nonsmokers and observed that mean EGG F0 values were lower in smokers as compared to nonsmokers for different task performance.
Raised Values of EGG Jitter
EGG jitter (frequency perturbation) is defined as the degree of cycle-to-cycle variability of the fundamental frequency in the EGG signals. Smoking may result in raised values of jitter by causing differences in the microstructure of the larynx.
In present study, smokers showed raised values of EGG jitter as compared to nonsmokers. This finding is consistent with the results obtained in previous studies [12, 16, 18] . Guimarães and Abberton [17] via electrolaryngography assessment in smokers and nonsmokers found raised values of EGG jitter in smokers as compared to nonsmokers for different task performance.
Raised Values of EGG Shimmer
EGG shimmer (amplitude perturbation) is a measurement of the amount of peak amplitude variability from one cycle to the next cycle in the EGG signals. Raised shimmer in smokers may also be attributed to underlying structural differences of laryngeal epithelium due to smoking. Scientific literature suggests a very clear relationship between changes of vocal cord epithelium and the quantity of tobacco consumed over a lifetime [31] .
In present study, raised values of EGG shimmer were obtained in smokers as compared to nonsmokers. In earlier studies also similar results were obtained [12, 18] .
Raised Values of EGG F0 Tremor
Only jitter (frequency perturbation) is not sufficient to accurately describe an aberration in a patient's voice. Jitter values may be within normal limits in a patient who demonstrates a breathy voice quality; and periodic modulation over many glottal periods called F0 tremor should be differentiated from cycle-to-cycle modulation. Raised values of F0 tremor may also result from microscopic alterations in the vocal fold epithelium due to chronic irritation caused by smoking resulting in acoustic difference.
In present study, raised values of EGG F0 tremor were obtained in smokers as compared to nonsmokers. Present study supports the findings obtained in previous studies [16] .
Raised Values of Opening Rate
In an EGG waveform, opening rate is defined graphically as the percentage of each period in which the vocal folds are moving apart while the glottis is closed. In present study, raised values of opening rate were obtained in smokers as compared to nonsmokers.
Lower Values of Closing Rate
In an EGG waveform, closing rate is defined graphically as the percentage of each period in which the vocal folds are moving together while the glottis is closed. In present study, lower values of closing rate were obtained in smokers as compared to nonsmokers.
Other Electroglottographic Parameters in Smokers
In present study, no statistically significant difference was observed in EGG NNE, EGG HNR, EGG SNR, EGG amplitude tremor, contact quotient, contact index, contact quotient perturbation and contact index perturbation between smokers and nonsmokers.
Damborenea et al. [12] also observed no significant difference in values of NNE and HNR between smokers and nonsmokers. However, Gonzalez and Carpi [16] found altered amplitude tremor Frequency in smokers as compared to nonsmokers. There is paucity of information in the literature describing other EGG parameters in smokers as compared to nonsmokers group.
Summary
The current study observed significant relationships between smokers and several videostroboscopic, acoustic voice analysis and EGG parameters on the anatomy and physiology of the laryngeal mechanism.
On videostroboscopy a significant relationship among smoking and abnormal vocal fold edge, abnormal texture, edema, erythema, abnormal mucosal cover, abnormal phase symmetry and abnormal pliability/stiffness were observed. More importantly, the significance of abnormal mucosal cover and abnormal phase symmetry are parameters of vocal fold vibration that can only be adequately viewed and rated via the videostroboscopic method. The most commonly observed laryngeal characteristic via videostroboscopy in smokers was erythema.
Our results showed that smoking has a clear effect on some acoustic voice parameters. Fundamental frequency (F0) was significantly affected by smoking. Lower values of F0 were observed in smokers. Perturbation parameters (jitter, shimmer) were significantly higher for the smoker participants. Vocal tremor parameter (F0 tremor) seems to be significantly increased by smoking in males. Noise evaluation measurements (normalized noise energy and signal noise ratio) were also altered significantly in smokers. Raised values of NNE and lower values of SNR were observed in smokers. Lower values of maximum phonation time (MPT) and raised values of s/z ratio were also observed in smokers.
Our results showed that smoking has a clear effect on some voice parameters evaluated via electroglottography. Lower values of Fundamental frequency (EGG F0) were observed in smokers. Perturbation parameters (EGG jitter, EGG shimmer) were significantly higher for the smoker participants. Vocal tremor parameter (EGG fundamental frequency tremor) seems to be significantly increased by smoking in males. Raised values of opening rate and lower values of closing rate were also significantly observed in smokers. Fundamental frequency is the most important voice parameter affected by aging in present study.
Conclusion
The current study on videostroboscopic examination of larynx shows that smoking has a significant effect on laryngeal structures. Objective voice parameters evaluated via acoustic voice analysis and electroglottography also focuses relation between smoking and the deranged voice in present study. A combination of voice parameters seems to suggest a possible neurological effect of nicotine or some other chemical component of tobacco on the voice. It is our hope that this research may contribute in a small way in increasing awareness of the detrimental effects of smoking and decrease the prevalence of smoking among the male population.
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